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Abstract 
 Wearable technology projects, to be useful, in the future, must be seamlessly integrated with the 
Flight Deck of the Future (F.F). The lab contains mockups of space vehicle cockpits, habitat living quarters, 
and workstations equipped with novel user interfaces. The Flight Deck of the Future is one element of the 
Integrated Power, Avionics, and Software (IPAS) facility, which, to a large extent, manages the F.F network 
and data systems. To date, integration with the Flight Deck of the Future has been limited by a lack of tools 
and understanding of the Flight Deck of the Future data handling systems. To remedy this problem it will be 
necessary to learn how data is managed in the Flight Deck of the Future and to develop tools or interfaces 
that enable easy integration of WEAR Lab and EV3 products into the Flight Deck of the Future mockups. 
This capability is critical to future prototype integration, evaluation, and demonstration. This will provide the 
ability for WEAR Lab products, EV3 human interface prototypes, and technologies from other JSC 
organizations to be evaluated and tested while in the Flight Deck of the Future. All WEAR Lab products 
must be integrated with the interface that will connect them to the Flight Deck of the Future. The WEAR Lab 
products will primarily be programmed in Arduino. Arduino will be used for the development of wearable 
controls and a tactile communication garment. Arduino will also be used  in creating wearable methane 
detection and warning system.  
Nomenclature 
Ω = ohm, unit of electrical resistance 
JSC = Johnson Space Center, a NASA sight in Houston, Texas 
EV3 = A division of Electronics Aviation dealing with Human Interface 
IPAS = Integrated Power, Avionics, and Software facility, where the Flight Deck of the Future is 
F.F =  Flight Deck of the Future, test lab in the IPAS facility  
WEAR =    Wearable Electronics Application and Research  
Arduino = Programming Language based in C that runs the Arduino circuit boards  
TX = Pin on the Arduino1 board and Xbee breakout board used for transmitting data 
RX = Pin on the Arduino board and Xbee breakout board used for receiving data 
VCC = Positive-voltage supply  
GND =  Negative-voltage supply 
JST = Japan Solderless Terminals, used to integrate the lithium ion battery 
I. Introduction 
Wearable technology combines the functionality of electronics with the convenience of fabrics and 
clothing. Putting electronics on the body and making devices hands free will allow for higher efficiency, more 
productivity, and improvements in safety. Many challenges result from combining traditionally rigid electronics 
with the soft and flexible fabrics. Along with the technical challenges that stem from producing flexible and 
wearable electronics, wearable technology is a very vast field with many areas of expertise. There is a need for 
future collaboration between specialists so that new and more advanced devices can be created. 
II. Manufacturing Process 
To successfully integrate circuits into the garments, a specific manufacturing process is used. All circuits 
should be implemented off of the garment before trying to integrate them. First the circuit should be laid out on the 
desktop, diagramed, and programmed. After a diagram of the circuit is created, the circuit should be modified so that 
no wires cross. Conductive thread should not overlap in a circuit as the different threads are exposed and could cross 
signals.  Then the circuit should be sewn onto the garment, testing the components as they are sewn in. Once all 
components are working, bind all of the edges and do not leave unnecessary conductive threads exposed. 
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radios will immediately connect with each other.  
  Bluetooth chips are small and flat and the breakout boards are small and linear 
making them easier to integrate. Each Bluetooth device, when connected to the computer 
needs its own virtual serial port. To use multiple Bluetooth chips concurrently, the user 
must open each serial port separately, this can become very time consuming. Bluetooth 
chips also frequently disconnect from the computer and are not very reliable. 
 
V. Wearable Controls 
To pursue research in wearable technology, a first step is to explore the methods and mechanisms of basic 
electronic structures integrated into garments. Four different controls to pursue are buttons, pressure sensors, 
capacitive touch sensors, and an accelerometer. These controls were chosen because they are all available in the lab 
and they can all be used to perform the same tasks. The controls can be used to interact with applications on the 
computer. Each control presents its own advantages, disadvantages, and complications. To easily test the controls 
and allow the user comfortably change between the control garments, the electronics will be integrated into forearm 
sleeves. 
  
Figure 4. The 4 Wearable Controls from right to left, they are the Buttons Control, the Pressure Sensor Control, the Capacitive 
Touch Sensor Control and the Accelerometer Control 
A. Buttons 
Buttons are the most widely used and familiar of the controls. 
Buttons can be implemented on separate pins or if the buttons have 
varying resistances, in parallel. A parallel circuit of buttons will use a 
single analog pin and ground, while individual buttons will each need 
their own digital ports and can share a ground. The string of buttons 
used in the garment is Fibretronics Lite Keypad5. These buttons are 
encased in a soft rubber which allows for more flexibility when 
integrated into the forearm sleeve. The buttons are also lightweight so 
that the user will not be affected by the weight. When pressed the 
buttons provide the user with tactile and auditory feedback.  
Figure 3. Bluetooth device 
This chip is used in the 
accelerometer forearm 
sleeve 
Figure 5. Fibretronics Lite Keypad these are 
the buttons integrated into the button forearm 
sleeve  
Johnson Sp
Th
pressed wi
with the str
the middle
the differen
Figure 6. B
B. Pressu
Pr
seamless in
of pressure
up a pressu
threshold t
   
the variabl
power and 
resistor con
1023. To s
value and o
integrating
But with it
these instan
concurrent
ace Center 
e Fibretronics
ll output a diff
ing of buttons
, where the but
t resistances a
uttons Circuit D
re Sensor 
essure sensors
tegration into 
 which gives t
re sensor as a 
he sensor will 
To read a valu
e pressure sens
the other to gr
nect, connect 
et up a pressur
nce the value 
 the pressure s
 sensing pressu
ces, a safety p
ly be activatin
 Lite Keypad 
erent resistanc
 and a resistor
tons and the re
nd can interpr
iagram 
 are flexible, t
the forearm sl
he pressure sen
on and off but
register on.  
e from the var
or and a resist
ound. In the m
to an analog in
e sensor as an 
exceeds the th
ensor, it can be
re, errors and 
ressure sensor
g the safety pre
NASA Inte
5
is set up so tha
e. To integrate
. Connect one 
sistor connect
et the buttons 
hin, and lightw
eeve. Pressure
sor more func
ton, set a thres
iable pressure 
or. Connect on
iddle, where th
put pin. The a
on/off button, 
reshold the de
 put onto any 
mishaps could
 is integrated. 
ssure sensor.
F
rnship Final R
t the 5 buttons
 this control in
side of the volt
, connect to an
separately.  
 
eight which a
 sensors can de
tionality then 
hold, that once
sensor, create 
e side of the v
e variable pre
nalog pin will
set a threshold
vice will regist
layer within th
 stem from acc
To be able to u
igure 7. Button
eport 
 are in a parall
to a forearm s
age divider to
 analog input 
llow for almos
tect varying d
just on and off
 the value exc
a voltage divid
oltage divider
ssure sensor a
 read a value f
 or the pressur
er on. When 
e garment, as 
idental activa
se the other p
s circuit integr
Augu
el circuit. Eac
leeve, create a
 power and the
pin. The analo
t 
egrees 
. To set 
eeds that 
er with 
 to 
nd the 
rom 0 to 
e sensor 
it does not nee
tion of the sen
ressure sensor
ated into fabri
Fig
st 25, 2013 
h button, when
 voltage divide
 other to groun
g input pin wi
d direct conta
sors. To try to 
s the user mus
c 
ure 7. Pressure
 
r 
d. In 
ll read 
ct. 
limit 
t 
 Sensor
Johnson Sp
Figure 8. P
C. Capaci
C
itself is ma
made into 
conductive
easily sinc
touch sens
Capacitive
errors and 
integrated.
sensor 
C
capacitive 
design such
design is c
the conduc
will be a d
touch sens
account for
before the 
when the c
ace Center 
ressure Sensor 
tive Touch Se
apacitive touch
de of a soft fle
varying shapes
 thread. These
e the conductiv
ors are most ap
 touch sensors 
mishaps that c
 To be able to 
onductive thre
touch sensor. T
 that there are
overed the use
tive thread cap
igital pin that r
or will be conn
 an electrostat
sense pin. This
ircuit is compl
Diagram 
nsor 
 sensors can b
xible material
 and designs. T
 sensors do no
e fabric or em
propriate whe
run the risk of
ould stem from
use the other p
ad can be emb
he conductive
 two separate 
r will have com
acitive touch 
egisters a high
ected to powe
ic shock, a res
 pin will regis
ete. 
NASA Inte
6
e made with e
, it can be integ
he sensor can
t provide any a
broidery has a
n a force cann
 a conductive 
 accidental ac
ressure sensor
roidered or sew
 thread should
sides. When th
pleted the cir
sensor, a sense
 or low value. 
r and the other
istor of about 
ter the change 
rnship Final R
 
ither conductiv
rated seamles
 either be mad
uditory feedba
 different textu
ot be applied o
material touch
tivation of the
s the user mus
n into a garm
 be embroider
e entire condu
cuit. To constr
 will be used. 
One side of th
 connected to 
1000 ohms sho
in voltage from
Fi
eport 
e thread or co
sly into the for
e with conduc
ck but the use
re then the no
r no force is n
ing the sensors
 sensors, a safe
t concurrently 
ent to create a
ed or sewn in 
ctive thread 
uct a circuit fo
The sense pin 
e capacitive 
sense pin. To 
uld be placed 
 high to low 
gure 9. Pressur
Augu
nductive fabri
earm sleeve. T
tive fabric or e
r will be able 
nconductive fa
eeded to contr
 and activatin
ty capacitive t
be activating t
 
a 
r 
e sensor circui
Figure 
Capaci
st 25, 2013 
c. Since the se
his control ca
mbroidered w
to locate the se
bric. Capaciti
ol a garment. 
g. To try to lim
ouch sensor is
he safety pres
t integrated int
10. Embroider
tive Touch Sen
nsor 
n be 
ith 
nsor 
ve 
it 
 
sure 
o fabric 
ed 
sor 
Johnson Sp
C
To read a v
When the s
receive pin
change in t
conductive
sense and r
resistor bet
sensitivity 
larger resis
sensor to a
response ti
resistor of 
 
ace Center 
Figure 
onductive fabr
alue from the 
end pin chang
’s state change
he capacitance
 thread should
eceive pins. T
ween the send
of the sensor; 
tor can activat
ctivate through
me then the lar
about 1000 oh
11. Embroidere
ic can be sewn
capacitive tou
es to a new sta
s. Count is an
 of the sensor.
 be sewn aroun
he setup of thi
 pin and the re
the smaller res
e while inches
 other layers o
ger resistors.  
ms should be p
Figure 12. C
NASA Inte
7
d Capacitive To
 into a garmen
ch sensor, a se
te, a counter b
 arbitrary unit 
 To integrate t
d the edges of
s circuit will re
ceive pin. Adj
istors will requ
 away from ab
f fabric. The s
To account fo
laced before t
onductive Fabr
rnship Final R
uch Sensor Diag
t to create a ca
nd pin and a re
egins and cont
but it allows th
he fabric with 
 the fabric and
quire a 100 ki
usting this resi
ire touching t
solute touch. T
maller sensors
r an electrostat
he receive pin
ic Capacitive T
eport 
ram 
pacitive touch
ceive pin will
inues to count
e user to read
the electronics
 then connecte
lohm – 50 me
stor changes th
he sensor whil
his would allo
 have a much 
ic shock, anot
.  
ouch Sensor D
Augu
 
 sensor. 
 be used. 
 until the 
 a 
 
d to 
gohm 
e 
e the 
w the 
faster 
her 
 
iagram 
Fig
st 25, 2013 
ure 12. Conductive Fabric
Johnson Sp
  
D. Accele
A
The hardw
outputs yaw
can be deri
measure th
forearm sle
the wrist d
the left.  G
intuitive an
 T
The contro
A. Phone 
 A
and then h
For the ac
would end
the actions
 
 
 
 
 
 
 
 
 
 
 
B. Cautio
 Th
The user w
specified o
buttons an
top 4 butto
would mov
demo wou
a sequence
  
ace Center 
rometer 
ccelerometers 
are is small an
, pitch, and ro
ved. For the te
e movement o
eve. The mov
own, turning th
esture control 
d least tiring m
o test each of t
ls were rated o
Call 
nswering a ph
ang up the ph
celerometer, tu
 the phone cal
 that happened
Figure
n and Warnin
e second dem
ould be aske
rder to be ab
d sensors, the
ns. For the acc
e the paddle u
ld prove that th
 of buttons.  
are hands free
d light but not
ll. From those
st interfaces it
f a forearm sin
ement used are
e wrist to the 
should be stud
ovements to u
he four weara
n their ease of
one call was t
one. For the b
rning the wri
l. This demo w
 on the interfa
 14. Phone Dem
g Alarm 
o was a cautio
d to hit a sequ
le to deactiva
se actions wou
elerometer, po
ntil the alarm
e user can eas
NASA Inte
 devices that re
 flexible. This 
 values many 
 was importan
ce it was impl
 pointing the w
right, and turn
ied to discover
se. 
VI.
ble controls’ a
 use, functiona
he first and sim
uttons and sen
st to the left w
ould prove th
ce. 
o 
n and warning
ence of butto
te the alarm. 
ld be mapped
inting the wri
 was turned o
ily remember 
rnship Final R
8
ly on moveme
accelerometer 
different gestu
t to be able to 
emented in a 
rist up, point
ing the wrist to
 the most 
Testing 
bility to comp
lity, and accur
plest demo. T
sors, these ac
ould answer t
at the user ca
 alarm. 
ns in a 
For the 
 to the 
st down 
ff. This 
and use 
Figure 1
eport 
nt. 
res 
ing 
 
lete common t
acy.   
he user woul
tions would b
he phone call
n easily associ
Figure 13. A
5. Alarm Demo
Augu
ask four test i
d be asked to 
e mapped to tw
 and turning t
ate the button
ccelerometer 
st 25, 2013 
nterfaces were
answer a phon
o separate bu
he wrist to the
s or movemen
with Bluetooth
 built. 
e call 
ttons. 
 right 
t with 
 attachment
Johnson Sp
C. Naviga
 Th
asked to n
the paper 
sensors, th
accelerome
Pointing th
wrist right
would mov
easily reme
 
 
 
 
D. Space I
 Th
shoot at in
will not fin
top 3 butto
the ship rig
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
O
were not ab
ways of ke
more breat
them. 
E
to activate.
buttons als
demos and
feedback w
safety shou
were easy 
ace Center 
tion 
e third demo
avigate the pa
airplane are u
ese actions wo
ter, pointing 
e wrist down
 would move 
e the airplane
mber a specif
nvaders 
e fourth dem
vaders. This d
ish the demo 
ns. For the ac
ht and turning
verall the layo
le to reach all
eping the elect
hable in the fu
ach wearable c
 The circuit de
o produced tac
 troubleshootin
as preferable.
ld be moved t
to find on the g
 was a navig
per airplane to
p, down, righ
uld be mappe
the wrist up 
 would move 
the airplane r
 left. This dem
ied set of keys
o was a space
emo places a t
in the time co
celerometer, p
 the wrist left w
ut of the contr
 of the buttons
ronics covered
ture. However
ontrol had its 
sign for the bu
tile and audito
g. The pressu
 Attempting to
o allow those w
arment becau
NASA Inte
9
ation task. Th
 the thrash. T
t and left. For
d to the top 4
would move 
the airplane d
ight, and turn
o would prove
 and can use th
 invaders gam
ime limit on t
nstraints. For 
ointing the wr
ould move th
VII. C
ols on the fore
 and sensors. T
 and hidden sh
 the design of 
own set of pro
ttons was sim
ry feedback w
re sensors wer
 hold the safet
ith smaller ha
se of the differ
Figure 17. S
rnship Final R
e user would 
he movements
 the buttons a
 buttons. For 
the airplane 
own, turning 
ing the wrist 
 that the user 
ose keys easil
e. The user w
he user, so tha
the buttons an
ist up would s
e ship left. 
onclusion 
arm sleeves ne
he forearm sl
ould be explo
the forearm sle
s and cons. Th
ple and the fle
hen pressed w
e easy to use a
y sensor while
nds to be able
ences in fabric
pace Invaders 
eport 
be 
 of 
nd 
the 
up. 
the 
left 
can 
y. 
ould be asked
t if the contro
d sensors, thes
hoot, turning 
eded to be cha
eeves in gener
red. The forea
eve kept peop
e buttons were
xibility integra
hich was helpf
nd very well in
 using the othe
 to access it ea
. They were a
Demo
Augu
 to move a sh
ls are not simp
e actions wou
the wrist to th
  
nged. Users w
al were uncom
rm sleeves sho
le from feeling
 small and req
ted well into t
ul when work
tegrated but t
r sensor was a
sier. The capa
lso more effici
Figure 16. N
st 25, 2013 
ip right and le
le to learn, th
ld be mapped 
e right would
 
ith smaller han
fortable and n
uld be smaller
 the electronic
uired a lot of f
he garment. Th
ing through th
actile and audi
 challenge. Th
citive touch se
ent then the ot
avigation Demo
ft and 
e user 
to the 
 move 
ds 
ew 
 and 
s in 
orce 
e 
e 
tory 
e 
nsors 
her 
NASA Internship Final Report 
Johnson Space Center 10 August 25, 2013 
controls as they do not need pressure to be activated. The accelerometer was useful for all of the tasks but after 
working with it for a period of time, it would become tiring. 
For future integration into garments a combination of these controls would create a more efficient and 
functional garment. A form of tactile feedback such as small vibrating motors should be integrated so that the user 
knows when they have activated a sensor. This would also be useful for troubleshooting which components in the 
system are working and which components are not working. Overall proving that these different wearable controls 
are functional and knowing the advantages and disadvantages will be very beneficial to the WEAR Lab in its future 
research and design projects.  
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